ABSTRACT BAILLIE, ANN (University of Glasgow, Glasgow, Scotland), AND JOHN R. NORRIS. Antigen changes during spore formation in Bacillus cereus. J. Bacteriol. 87:1221Bacteriol. 87: -1226Bacteriol. 87: . 1964 Elucidation of antigenic differences between vegetative cells and spores in the genus Bacillus has been the object of much of the previous work on spore antigens (Norris, 1962) . DeFalle (1902) showed that B. mycoides spore antiserum agglutinated both viable and autoclaved spores, whereas antiserum prepared against vegetative cells gave no reaction with spores. The antigenic distinction between the two growth phases was further demonstrated by Howie and Cruickshank (1940) with a bacterium resembling B. cereus and with B. mesentericus; more recent experience has confirmed these differences in both aerobic and anaerobic sporeforming bacteria (Norris, 1962) .
Mature spores contained four of the heat-resistant antigens present in young vegetative cells and an additional five heat-resistant antigens. Only three thermolabile antigens were detected in spore ex- tracts.
Elucidation of antigenic differences between vegetative cells and spores in the genus Bacillus has been the object of much of the previous work on spore antigens (Norris, 1962) . DeFalle (1902) showed that B. mycoides spore antiserum agglutinated both viable and autoclaved spores, whereas antiserum prepared against vegetative cells gave no reaction with spores. The antigenic distinction between the two growth phases was further demonstrated by Howie and Cruickshank (1940) with a bacterium resembling B. cereus and with B. mesentericus; more recent experience has confirmed these differences in both aerobic and anaerobic sporeforming bacteria (Norris, 1962) .
The majority of published observations on the antigenic differences between spore and vegetative growth phases have concerned agglutination reactions, involving only the superficial antigens of the cells, or crude chemical extracts.
The present work is a continuation of that briefly described by Norris and Baillie (1962) , in which immunoelectrophoretic analysis of ultrasonic extracts of cells at various stages in spore formation has been used in an attempt to throw some light on the macromolecular changes accompanying that process.
AIATERIALS AND METHODS
Organism. The strain of B. cereus (strain M.8; Mahmoud, 1955) used throughout this and earlier work (see Norris and Wolf, 1961; Norris and Baillie, 1962; Baillie and Norris, 1963; Lund and Norris, 1963) was originally isolated from Egyptian soil and has been maintained by periodic transfer on nutrient agar.
Sporulation medium. This medium was essentially the fluid sporulation medium described by Young (1958) , in which well-aerated cultures of B. cereus show a useful degree of synchrony in spore formation. It was prepared in two lparts, a salts solution and a basal medium, which were stored separately and mixed just before use.
The salts solution was prepared from the following separate solutions (%, w/v): KNO3, 10; Na2SO4, 0.142; KH2PO4, 6.8; MgSO4*7H20, 0.123; CaCl2 6H20, 0.219; KOH, 0.33; MnSO4-4H20, 0.00223; Fe2(SO4)3, 0.02; ZnSO4 7H20, 0.0144. These were distributed in 25-ml amounts in screw-capped bottles and sterilized by autoclaving at 15 psi for 20 min. To make the salt solution, 25-ml amounts of these sterile solutions were mixed, and 25 ml of sterile distilled water were added, by use of aseptic techniques.
Basal medium consisted of 1 % (w/v) Proteose Peptone (Difco) added to distilled water containing 40% (v/v) A primary series of six injections at 3-day intervals was followed by booster series at approximately 1-month intervals. The animals were bled 7 days after the last injection of a series. Antisera were stored at -20 C without added preservative. Two rabbits were used for each antigen preparation.
In the interests of simplicity, the results l)resented here are released by dissolution of the sporangia and washed free from debris (Fig. 1) The complex pattern of changes in the cell which make up l)rocesses of spore formation and spore germination, and the heat resistance of the spore itself, have attracted the attention of many workers (Halvorson, 1957 (Halvorson, , 1961 Jacobs and Clegg, 1957) . As a result of this interest, we have learned a great deal about the processes involved in spore formation, particularly from the cytological and biochemical points of view. Relatively little attention, however, has been paid to the changes which occur in the large molecules, the proteins, polysaccharides, and enzymes, of the cell. In an earlier paper (Baillie and Norris, 1963) , we reported changes in the molecular forms of catalase and esterase in B. cereus during spore formation. The work reported here is of an exploratory nature, aimed at using the high sensitivity of serological techniques to study the nature of changes in other molecules.
Work now in progress concerns the locating of antigens within the intact cell at different stages and at correlating antigenic and enzy-matic changes during spore formation.
